ANTINUCLEAR ANTIBODIES
Dr. Dounce, as well as from the Worthington Biochemical Corporation, Freehold, New Jersey. E. coli DNA was obtained from Worthington Biochemical Corporation. Single strand DNA was prepared by boiling the native DNA for 15 rain and then rapidly cooling the preparation in an ice bath. DNA concentration was estimated by absorption at 260 m/z in a Hitashi-Perkin-Elmer spectrophotometer.
To prepare the anticomplement sera an immune precipitate consisting of egg albumin and antiegg albumin was formed at 4°C in fresh pooled human group 0 serum. After 48 hr, the precipitate was washed then resuspended. Generally the precipitates contained about 10% of the original weights in added human serum proteins. On injection into rabbits they induced antisera that gave in addition to several antibodies against human alpha and gamma proteins, strong antibodies against B1C-A proteins as detected in immunoelectrophoresis against whole human serum (15) .
Autologous gamma globulin was obtained by prebleeding the rabbits and precipitating the gamma globulin in half saturated ammonium sulfate. Precipitates were estimated by absorption at 277 m#.
Immunization of Rabbits.--Fuli grown New Zealand white rabbits were immunized with antigens as shown in Table I . Three groups of 6 rabbits each were immunized with whole human serum in complete Freund's adjuvant. Six rabbits were immunized with a pool of whole human serum obtained from the clinical chemistry laboratory of Rochester General Hospital. The serum pool was made from blood specimens obtained from patients with a variety of disorders, but none had known collagen vascular diseases or malignancies. The sera were obtained within 2 hr of blood clotting. Emulsions were made in a 1 : 1 ratio with complete Freund's adjuvant (Difco Laboratories, Inc., Detroit). Each rabbit received 1 ml of whole human serum per immunization divided among 47 foot pads. Rabbits were immunized once each week for 4 injections and bled 1 week later. They received 2 subsequent immunizations at 4 week intervals and were bled 1 week after each booster injection. Six rabbits were immunized with an emulsion containing 2.5 ml of pooled normal human serum and 10 ml of complete Freund's adjuvant. Each rabbit received 1 ml of this emulsion subcutaneously weekly for 3 weeks and were boosted monthly thereafter. Rabbit serum was collected 1 week after each booster injection for 4 bleedings. A third group of 6 rabbits was immunized with 1 ml serum kom a single normal human donor mixed with an equal volume of complete Freund's adjuvant. The rabbits were immunized weekly for 4 weeks intramuscularly and bled 1 week later.
Six rabbits were immunized with 25 nag of Cohn fraction III (E. R. Squibb and Sons, New York), in complete Freund's adjuvant, 4 with fraction IV-l, and 4 with fraction IV-4. These 14 rabbits were immunized weekly for 4 weeks and then bled 1 week following the 4th injection. They received a booster injection 1 month later and were again bled the following week.
Sera were obtained from 21 rabbits that had been immunized repeatedly with Cohn fraction II in complete Freund's adjuvant for up to 6 months. Sera were obtained from 2 rabbits that had been immunized repeatedly for over 1 year with Colin fraction I in complete Freund's adjuvant and from 4 rabbits similarly immunized with Colin fraction V.
To obtain anti-human complement sera, 6 rabbits were immunized daily with 2 mg of an egg albumin antiegg albumin precipitate formed in human serum, by the intravenous route on 4 consecutive days eachweek, for 3 weeks. The rabbits were then boosted 1 month later with 2 mg of immune precipitate intraperitoneally followed the next day by 2 mg of immune precipitate intravenously. This procedure was repeated 1 month later and the rabbits were bled 1 week following the final booster immunization.
Five rabbits were immunized with 0.4 mg of rabbit single strand DNA in complete Freund's adjuvant (Difco) twice monthly for 4 injections. Bleedings were obtained prior to each injec-tion and 2 weeks following the last injection. Five rabbits were immunized with an emulsion containing 1 ml of human single strand DNA (0.5 mg/ml). The rabbits were bled prior to each immunization and 1 month following the last immunization. Six rabbits were immunized with an emulsion contalnlng 1.5 ml of complete Freund's adjuvant, 1 ml of phosphate-buffered saline pH 7, and 0.5 ml of autologous gamma globulin (concentration 20 mg protein per ml). Five rabbits were immunized with a mixture containing 0.5 ml of autologous gamma globulin (20 mg protein per ml) plus 1 ml of human single strand DNA (concentration 0.5 mg per ml) in complete Freund's adjuvant. Four rabbits were immunized with 50% emulsion of Freund's complete adjuvant in phosphate-buffered saline pH 7.3 ml total divided into 4 foot pads. All rabbits were bled prior to each immunization and 1 month following the last immunization.
Serological Te~ts.---Quantitative complement fixation tests were performed by the method of Wasserman and Levine (16) . The tests with rabbit serum 514 were performed in the laboratory of Dr. Lawrence Levine using native and single strand Bacillus na#o DNA supplied by Dr. Levine. Thirty per cent complement fixation or greater was considered significant and indicative of a complement-fixing antigen-antibody reaction.
Immunofluorescence tests were done as previously described (1) using human, rabbit, or chicken blood smears fixed on glass slides at 37°C in 95% ethanol. Cryostat frozen sections of human liver, thyroid, mouse liver, and rat liver were also used as sources of nuclei. The goat anti-rabbit gamma globulin fluorescein conjugate used was prepared by the method of Riggs et ai. (17) and shown to give only a single llne with the rabbit serum in Ouchterlony double diffusion or in immunoclectrophoresis against whole rabbit serum. Identical immunofluorescence results were obtained with fluorescein-conjugated goat anti-rabbit gamma globulin obtained from Microbiological Associates, Bethesda, Maryland.
Agglutination tests for rheumatoidlike factors were carried out in disposable plastic trays with sheep ceils sensitized with rabbit amboceptor (18) .
DNAse, RNAse, and trypsin pretreatment of human white blood cell nuclei on smears of peripheral blood (19) was used to determine the effects of these enzymes on the nuclear antigens involved in the immunofluorescence. DNAse, RNAse, and an enzyme from dogfish liver shown by Levine and Van Vunakis (20) to digest preferentially single strand DNA was used to digest soluble antigens used in the quantitative complement fixation test.
Susceptibility of the antinuclear antibodies to inactivation by suLChydryl reagents was tested by incubation of the rabbit antisera in 0.1 M mereaptoethanol for 24 hr at room temperature (21) . The specimens were then tested directly without dialysis or alkylation for the presence of antinuclear antibody by the immunofluorescence technique. Table I , immunization with whole human serum resulted in the development of antinuclear antibody reactive with human leukocyte nuclei in 15 of 18 rabbits. The immunofluorescence pattern ( Fig. 1 ) was solid when undiluted serum was used. Sera diluted from 1:4 to 1:16 gave speckled or ring patterns. No nuclear fluorescence was seen when human thyroid, human, mouse, or rat liver, chicken erythrocytes, or chicken leukocytes were used as sources of nuclei.
RESULTS

As shown in
Of 14 rabbits immunized with Cohn fractions HI or IV, 4 were found to have detectable antinuclear antibodies. Sera from animals injected with complete Sera from 8 rabbits immunized with whole human serum were treated with 0.1 x~ mercapoethanol for 24 hr at room temperature (Table II ). In only 1 rabbit serum, No. 513, was the antinuclear antibody activity destroyed by the sulfhydryl treatment. Serum from rabbit 163 was fractionated by sucrose gradi- (Table HI) . Five of the 6 rabbit antisera failed to react with nuclei which had been incubated with DNase. Two of the 6 rabbit sera failed to react with human white cell nuclei which had been digested with trypsin. RNAse treatment of the nuclei did not result in any lessening of the positivity of tests with any of the 6 rabbit antisera.
All sera were tested in a routine complement fixation test (22) . Anticomple-738 ANTINUCLEAR ANTrBODIES mentarity was frequent. However, complement fixing antibodies to one or more nuclear antigens could be demonstrated in 8 sera from rabbits immunized with whole human serum. Three of these antisera had complement-fixing antibodies in sufficiently high titer to be tested in the quantitative complement fixation test of Wasserman and Levine (16) . Antiserum 514 diluted 1:200 was shown to give significant complement fixation with human denatured (single strand) DNA and Bacillus na#o denatured DNA (Text- fig. 1 ). Maximum complement fixation was obtained with 0.03 #g of the human DNA while 0.3 ]zg of the Bacillus natto DNA was required for maximum fixation. Only 40% fixation was obtained with 0.1/zg of native human DNA and there was no significant fixation with native Bacillus natto DNA. Eighty per cent complement fixation was obtained with 0.03 and 0.1/zg of denatured rabbit DNA (Text- fig. 2 ).
Rabbit antiserum 160 diluted 1: 300 gave 70 % complement fixation with 0.03 #g of denatured human DNA (Text- fig. 3 ). Mter digestion with DNAse from dogfish liver the DNA showed no significant complement-fixing ability. Complement fixation by rabbit antiserum 160 was also seen with human histone at 0.1 and 0.3/zg antigen concentrations. This antiserum gave 80% complement fixation with 0.1 /zg of purine-6-oyl-bovine serum albumin (Text- fig. 4 ). No complement fixation was obtained with bovine serum albumin alone. Seventy per cent complement fixation was found with 0.03/~g of denatured calf thymus DNA.
Rabbit antiserum 163 diluted 1:300 (Text- fig. 5 ) gave significant complement fixation with denatured human DNA but did not react with denatured rabbit DNA. At a dilution of 1:100, however, rabbit antiserum 163 (Text- fig. 6 ) was shown to give significant complement fixation both with denatured human DNA and to a lesser degree with denatured rabbit DNA.
Absorption of rabbit antisera 163, 160, and 514 with whole human serum or with Cohn fractions III, IV-l, or IV-4, or with single strand calf thymus DNA resulted in increased anticomplementariness of the sera so that specific complement-fixing activity with DNA could no longer be demonstrated. The absorbed rabbit antisera were also tested in immunofluorescent tests on human leukocyte nuclei. Antinuclear antibodies were not detectable following the absorption with whole human serum, Cohn fractions, III, IV-l, and IV-4. Following ab-sorption with DNA, the rabbit antisera contained antinuclear antibodies in undiminished titer.
No antinuclear antibody was detected in 45 preimmunization bleedings in either the immunofluorescence of complement fixation tests. Rheumatoid factorlike activity was detected in 44 of 45 prelmmunization bleedings by agglutination of sheep cells coated with rabbit amboceptor. The titer of the rheumatoid factorlike activity in the 44 preimmunization sera ranged from 1:16 to 1: 2048. Surprisingly these titers rose little (less than 4-fold) regardless of the number of immunizations or the type of antigen used. The single rabbit that had no detectable agglutinin for amboceptor-coated sheep ceils prior to {mmunlzation did not acquire agglutinins during multiple immuniT~.tions with whole human serum. Antinuclear antibodies developed, however, to a titer of 1:16 in the immunofluorescence tests.
Twelve of the 18 rabbits immunized with whole human serum including rabbit 514 were sacrificed when antinuclear antibody as detected by immunofluorescence, was present in their sera. Specimens of all organs were fixed in formalin, sectioned, stained with hematoxylin and eosin, and examined microscopically. No lesions in any way suggestive of nephritis, amyloid, or vasculitis were found.
DISCUSSION
Data have been presented to demonstrate that antinuclear antibodies appear in the sera of a majority of rabbits immunized repeatedly with whole human 742 ANTINUCLEAR ANTIBODIES serum in complete Freund's adjuvant. Antinuclear antibodies, as detected by immunofluorescence tests on human leukocyte nuclei, were found also in sera from rabbits immunized with Cohn factions III, IV-l, and IV-4. Only human leukocyte nuclei gave positive fluorescence tests with these antisera. Nuclei from other human tissues, rabbit nuclei, chicken leukocyte, and erythrocyte nuclei all gave negative results. Some hint as to the nuclear antigens to which antibodies were made was given by studies with enzyme treated cells. In 4 of 6 cases the leukocyte nuclei were no longer reactive following incubation with DNAse. In 2 of 6 cases trypsin also destroyed the nuclear antigens reactivity. These observations suggest that the nuclear antigen involved may be DNA or closely associated with DNA. In quantitative complement fixation tests 3 of the antisera were shown to have antibodies against DNA. There is no evidence from the present data that the antibodies against DNA detected by complement fixation were also detected in the immunofluorescence tests. Indeed, it would appear that the antiDNA antibodies themselves were not detected in the immunofluorescence tests. The results obtained on human white cell nuclei treated with various enzymes (Table III) could as well be explained if the antigens were nucleoproteins or a I)NA associated protein rather than DNA. The absorption experiment results suggested that the antinuclear antibodies in immunofluorescence tests were directed against antigens found in human serum and human serum fractions, but not in single strand calf thymus DNA. Furthermore, only human leukocyte nuclei gave positive results in immunofluorescence tests, while homologous or heterologous antigens could be used in the complement fixation tests. This further suggests that the different serological tests were detecting antibodies of different specificity.
In every case the serological reactivity in complement fixation tests was greater against denatured than native DNA. The reactivity was greatest with denatured human DNA but excellent fixation was also found with denatured Bacillus natto DNA. Lesser fixation was found with homologous; i.e., rabbit, single strand DNA than with human single strand DNA. The reactivity of the DNA was markedly reduced by incubation with pancreatic DNAse and with DNAse obtained from dogfish liver shown to attack preferentially single strand DNA. Complement-fixing antibody against purine~6-oyl BSA was also detected in one of the antisera. These results are like those that have been found in lupus sera containing antiDNA antibodies (23, 24) . Unlike the results found in lupus sera, is the suggestion here of somewhat greater reactivity of these rabbit antisera for heterologous than homologous DNA preparations, e.g. Text- fig. 5 .
The antinuclear antibody in the rabbit sera was detected by a goat anti-rabbit gamma globulin fluorescein conjugate. In one of 8 sera tested the antibody was completelyinactivated by mercaptoethanol. In rabbit antiserum 163, in which the antinuclear antibody was resistant to treatment with mercaptoethanol, the antibody was found to sediment with 7S globulins.
No antinuclear antibodies were induced by immunization with DNA or by DNA mixed with gamma globulin. The stimulus for the induction of antinuclear antibodies by immunization with whole human serum is probably nuclear antigen present in serum and complexed to serum proteins. Electrostatic precipitates of DNA and methylated albumin (12) and purines (9), pyrimidines (10) and nucleotides (11) conjugated to protein have been shown to be antigenic in the rabbit. The immunofluorescence demonstrating positive tests only with human leukocyte nuclei suggests that the nuclear antigen present in human serum was derived from leukocytes. It is possible that leukocyte nuclear antigens may be spilled into the serum only during coagulation and that the plasma separated from the cells immediately after venepuncture would be free of these antigens. Nevertheless, the degree of trauma experienced by leukocytes during coagulation must be slight and probably this sort of trauma occurs intravascularly during normal life. The presence of antigenic nuclear material in human sera suggested by the present study is furthermore, in accord with data by Tan et al. (25) demonstrating immunochemically identifiable DNA in serum in certain diseases. The positive reactions with diphenylamine (26) obtained with extracts of human serum have also been interpreted to indicate the presence of serum DNA. The exact mechanism of serum transport for DNA, polynucleotides, or other antigenic nuclear materials is at present unknown. The binding of C14-1abeled T5 bacteriophage DNA to as globulins (27) together with the induction of antinuclear antibodies in the present study by immunization with Cohn fractions III, IV-I, or IV-4 as well as other studies (28) suggest that a specific globulin may act as a carrier protein for serum nuclear constituents.
The antigenic stimulus for the induction of antinuclear antibodies in man is unknown. The specificity of some anfinuclear antibodies in rheumatoid arthritis for leukocyte nuclei (29, 1) may indicate that leukocytic nuclear material may be "antoantigenic" in some cases.
Anti-gamma globulin factors similar to the rheumatoid factors found in human sera were found in all but one of the rabbit anfisera tested, but they were already present in the preimmunizafion bleedings. The titers did not increase much following immunization nor were the fiters correlated in any way with the development of antinuclear antibodies.
This report outlines an additional method for induction of antinuclear antibodies including antiDNA in rabbits. The antiDNA antibodies in hyperimmunized rabbits reported by Christian, DeSimone, and Abruzzo (5), were detected only by complement fixation tests. Antinuclear antibodies reported here were detected first by immunofluorescence tests on human leukocyte nuclei. The complement fixation tests demonstrated that these rabbit anfisera contained antibody to DNA as well as to other nuclear antigens. There is no evidence from the present data that the complement-fixing antibodies against DNA were also detected by the immunofluorescence tests. Since the specificity of the antinuclear antibodies in the rabbit anfisera studied here appears to be directed primarily at human nuclear antigens, as determined by both immunofluorescence and complement fixation tests, it seems un]~I~ely that they arose by an autolmmune mechanism such as that proposed by Christian et al. (5) . These workers interpreted that the antinuclear antibodies were directed against autologous rabbit DNA released or otherwise made antigenic during the immunizat]on process. Since the bulk of the anfiDNA activity in their study was removed by absorption with E. toll, they also considered that antibodies were formed specific for bacterial DNA but cross-reactive with other DNA. In neither their rabbits immunized with bacteria nor the rabbits immunized with whole human serum in the present study was there a correlation between the titer of rheumatoidllke and antinuclear antibodies.
The biological significance of the induction of antinuclear antibodies in rabbits is unlmown. There were no pathological changes in the rabbits immunized with whole human sera that resembled in any way those found in systemic lupus erythematosus or rheumatoid arthritis. The induction of antiDNA and other ant]nuclear antibodies in the present study without the induction of disease that can be attributed to these antibodies is like the experience of others (5, 6, 9) . This finding must certainly mold our thinking about the possible pathogenetic significance of similar antibodies found in human disease. There is increasing evidence that in many cases antinuclear antibodies follow in the course of the disease (1) and are not by themselves cytotoxic (30, 31) . Nonetheless, antiDNA antibodies may contribute to the pathogenesis of systemic lupus erythematosus. It has been suggested (25) that circulating complexes of native DNA and antibodies to native DNA may contribute to the nephritis and vasculitis in the absence of a direct cytotoxic effect of the antibodies alone. Since the immunized rabbits in the present experiment may not have had such circulating complexes, the absence of pathological changes in no way excludes the role of complexes in the pathogenesis. Work in progress in our laboratory and others will bear directly on the role of DNA antiDNA complexes in pathogenesis. SIYM'~4.R¥ Antinuclear antibodies were detected by immunofluorescence in most sera from rabbits immunized with whole human serum emulsified in Freund's complete adjuvant. Four of 14 sera from rabbits immunized with Cohn fractions III, IV-I, or IV-4 also gave positive nuclear fluorescence with human leukocyte nuclei. Other human and animal nuclei gave negative results with these rabbit antisera. Three rabbit anti-whole human sera had complement-fixing antibody against DNA in sufficient titer for study in quantitative complement fixation tests. Antibody with greatest reactivity with human single strand DNA was detected in the 3 rabbit antisera. Reactivity with rabbit, calf thymus, and B.
natto DNA was also detected. In each case reactivity was greater with single strand than with native DNA. Antibodies against human histone and purine-6oly BSA were also detected. No correlation was found between the titers of rheumatoidlike factors and antinuclear antibodies present in the rabbit antisera. The induction of antinuclear antibodies in these rabbits was not associated with disease attributable to the antibodies. The induction of antinuclear antibody by immunization with whole human serum was interpreted as indicating the presence of antigenic nuclear material in whole human serum.
